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Introduction
Numerous redox-active di-and oligonuclear transition metal complexes exhibit a wide range of important electronic, magnetic and optical properties [1] that can be varied reversibly along readily accessible multiple redox states. Certain physical properties of bimetallic complexes, such as luminescence and non-linear optical (NLO) activity, may display larger variability compared to the monometallic congeners.
[2] Specifically in molecular electronics, carefully designed symmetric bimetallic complexes with conjugated bridging ligands and two or more redox centers featuring a variable degree of electronic communication are of central importance to study the mixed-valence (MV) electronic coupling [3] and develop a variety of functional materials. The ability of the molecular bridge to mediate electronic communication has been investigated by a wide range of methods including voltammetric techniques and spectroelectrochemistry (UV-vis-NIR-IR, Raman, EPR, etc.) and theoretical calculations. [4] [5] [6] [7] [8] [9] [10] [11] Diruthenium complexes based on a few classical types of redox-active metallic termini supported by ancillary ligands are often explored to test diverse types of 3 carbometalated bridging ligands in symmetric MV systems. [12] The electronic coupling between the metal centers strongly depends on the key properties of the bridging ligand, such the degree of conjugation, coplanarity and length. In the earlier literature, researchers have mainly focused on bridging conjugated polyaromatic hydrocarbons (PAHs), [13] such as oligophenylene. [14] Thiophene-based heteroacenes have emerged as excellent building blocks in the synthesis of a variety of opto-electronic materials. These organic semiconductor materials exhibit considerable potential for application as photoswitches [15] , DSSC [16] and OFETs, [17] owing to their good conjugation. In the field of organometallic chemistry, α,β-fused oligothienoacene moities have been applied as organic bridging units and introduced to gold-and platinum-containing ethynyl complexes; their physical and luminescent properties were investigated [18] . Recently, Lapinte and co-workers [19] have described magnetic communication between two [Fe(dppe)Cp*] units mediated by the 2,5-diethynylthiophene spacer. Chen and co-workers [20] have also reported thiophene-based bimetallic ruthenium complexes and studied their electron-transfer
properties. Subsequently, Liu and co-workers investigated the electronic coupling properties of oligothiophene-bridged binuclear ruthenium complexes (Chart 1) and their charge transfer ability [11a] . Recent studies [21] document that the charge transport ability across a molecular wire reduces and even drops exponentially with increasing their length. In overall consideration, [22] the fused molecular framework of thienoacenes represents one of the most attractive candidates for low-resistance molecular-scale wires featuring favorable electrical conductance characteristics. diruthenium complexes 4-8 is outlined in Scheme 1. Bridge-core precursors 4a [23] , 5a [23] , 6a [24] , 7a [17, 23b] , 8a [25] were prepared by the literature methods. Intermediates 4b-8b were obtained in moderate to high yields by palladium(0)/copper(I)-catalysed cross-coupling reactions [26] of 
X-ray Structure Determination
Single crystals of complexes 7 and 8 suited for X-ray structural analyses were grown by layering the solution in dichloromethane with hexane. The molecular structures of 7 and 8, including top and side views, are shown in Figure 1, respectively. Details of the data collection and refinement are presented in Table S1 (Supporting Information). Selected parameters (bond lengths (Å) and angles (deg)) from the crystal structures of parent 7 and 8 are collected in Tables 1 and S2 (Supporting Information). Both diruthenium complexes are symmetrical and exhibit a planar rigid structure over the entire bridge ( Figure 1 ). As encountered in other Ru(dppe)Cp*-based complexes [13] , the ethynyl linker and the Cp* and dppe ligands at the Ru center form a pseudo-octahedral environment. for trans-7 + in the right column correspond to the atom numbering with apostrophes in Figure 1 (a).
Electrochemical Studies
Electronic properties of complexes 4-8 were first studied by electrochemistry revealing differences in their stepwise one-electron oxidation. The separation of two reversible redox waves (∆E 1/2 ) is known to be potentially influenced by several factors such as electrostatic interaction, solvation, ion pairing with the electrolyte and structural distortions caused by an electron transfer process [29] [30] [31] [32] . The anodic responses of the complexes were obtained in CH 2 Cl 2 /10 -1 M Bu 4 NPF 6 with cyclic voltammetry (CV) and square-wave voltammetry (SWV); the corresponding data are listed in Table 2 . The oxidation potentials of reference complexes 1-3 have been reported in the literature [11a] .
Cyclic and square-wave voltammograms (CVs and SWVs) of complexes 1 and In contrast to the studied oligothienoacene series with the ruthenium ethynyl termini, the oxidation potentials of free (alkyl)disubstituted oligothienoacenes, R-T n -R (n = 4-8), strongly decrease with the chain length and the ∆E 1/2 values do not decline below 300 mV. [33] This difference in the anodic behavior is one of the characters reflecting the involvement of the conjugated (Ru-)ethynyl units in the stepwise oxidation.
The differences in the anodic potentials are marginal in the series of diethynyl dithienoacene complexes 4, 5 and 6 ( Figure 3b and Table 2 ). The isomerization of the [34] for the experimental value E p = -0.092 mV (unresolved maxima) and width of 154 mV (the differential-pulse method). 
Chemical Oxidation Monitored by IR and UV-vis-NIR Spectroscopy
The characteristic infrared C≡C stretching absorption can conveniently be used to monitor structural changes accompanying the strongly bridge-localized oxidation of the studied series of complexes (Chart 1). The CV and SWV studies have revealed that both the first and second oxidation potentials of complexes 1-8 are lower
compared to E 1/2 of the ferrocene standard (Table 2) . Ferrocenium hexafluorophosphate, FcPF 6 , therefore served conveniently as a mild oxidizing agent to selectively generate the corresponding mono-and dications both in the oligothiophene-core series 1-3 [11a] and the new oligothienoacene-core series 4-8.
The ν as (C≡C) vibrational frequencies recorded for complexes 1 n+ -8 n+ (n = 0-2) in dichloromethane are presented in Table 3 . In the oligothienoacene-core series 1, 4, 7
and 8 ( Figure 5 ), the experimental IR spectra in the ν(C≡C) region exhibit a single band of low to medium intensities, with absorption maxima shifting gradually to a larger wavenumber for the shorter bridge core, viz. from 2043 cm -1 (for 8) to 2056 cm -1 (for 1). This trend, which is also seen [11a] in the diethynyl oligothiophene-bridged series 1-3 (Table 3) , indicates less π-conjugation between the ethynyl linker and the shorter bridge core. As a result, the HOMO energy rises in this direction and the oxidation potential becomes more negative (vide supra). In contrast, the corresponding dications do not display any obvious trend in the main ethynyl stretching wavenumber values, all lying close to 1910 cm -1 (Table 3) , in line with the conjugated symmetric {M=C=C} 2 =C(core) 2+ backbone. This observation complies with the stagnant electrode potentials for the mono-/dication redox couples (Table 2) . (Table 3) . At the same time, the increased band separation is accompanied by rising intensity of the ν(C≡C) band at the larger wavenumber. Notably, this trend reaches the maxima in the region cannot be explained the co-existence of different rotamers of the monocations, modelled by DFT calculations, [35] [36] [37] as the one-electron oxidation largely resides on the oligothiophene bridge core (see below). Instead, it is important to consider the variable energy of lowest NIR-mid-IR π-π* (intra-bridge) electronic absorption accompanying the conversion of the neutral parent complexes to the monocations, as highlighted hereinafter. (n = 0, 1, 2) in dichloromethane.
Most interesting observations in the infrared
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Complex n = 0 n = 1 n = 2 c Ref. [11a] Changes in the electronic UV-vis-NIR-IR absorption recorded for complexes 1, 4-8 upon gradual addition of one and two equivalents of the ferrocenium hexafluorophosphate oxidant to their solutions in dichloromethane are depicted in Table 4 . The UV-vis-NIR spectral responses to the two initial oxidation steps within the diruthenium diethynyl oligothienoacene series 1, 4-8 are very similar and will be demonstrated in detail for complex 7 with alternating trithienoacene in the bridge core ( Figure 6 ). Neutral parent 7 exhibits an intense absorption at 445 nm that corresponds to the HOMO→LUMO (π-π*) transition characteristic for free oligothienoacenes [33] , with participation of the π-system of the ethynylene linkers. The one-electron oxidation to 7 + generates two intense subgap absorption bands at 683 nm and 1800 nm with a shoulder around 1375 nm. This new visible and asymmetric NIR absorption is typical for radical cations of free oligothienoacenes and can be ascribed to SOMO→LUMO and HOMO→SOMO (π-π*) transitions, respectively. [33] It is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 15 evident that the oxidation of 7 to 7 + is largely localized on the trithiophene bridge core.
The participation of the (Ru-)ethynyl linkers, revealed by the IR spectral monitoring and anomalous voltammetric responses (see above), will be discussed in greater detail in the following TD-DFT section. Continued oxidation of 7 + to 7 2+ led to the appearance of a new intense absorption band at 909 nm, which also complies with the dominantly terthiophene-localized anodic steps; in spectra of free oligothiophene dications this band is attributed to a HOMO→LUMO (π-π*) transition [33] .
All three members of the diethynyl tetrathienoacene redox series, 8 n+ (n = 0, 1, 2), exhibit the intra-bridge electronic transitions red-shifted compared to 7 n+ , while the opposite blue shift is encountered for the two shorter members 4 n+ and 1 n+ (n = 0, 1, 2).
The descendent trends for the elongated oligothienoacene bridge core in each oxidation state are visualized in Figures 6a (n = 0), 6b (n = 1) and 6c (n = 2).
Focusing on the remarkable spectral changes observed in the infrared ν(C≡C) region of the monocationic (n = 1) series (see Table 2 ), the energy of the lowest electronic transition further decreases from 6370 cm -1 for 4 + to 4000 cm -1 for 5 + and even 3825 cm -1 for 6 + that is the minimum value in the studied diethynyl oligothienoacene series. Accordingly, the strongest 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   16 intensities. These characteristics nicely correspond with a very similar situation reported for another singly oxidized Ru diethynyl complex, viz.
[
. [35] In the latter case, the lowest electronic absorption (featuring a mixed ML(bridge) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 series 1 n+ , 4 n+ , 7 n+ and 8 n+ (n = 0, 1, 2), with the increasing length of the oligothienoacene bridge core. (a) n = 0; (b) n = 1; (c) n = 2. Conditions: CH 2 Cl 2 , 298 K. 
DFT and TD-DFT Calculations
In order to assist the analysis of the molecular and electronic structures in the like the crystalline dication of free triisopropylsilyl octathienoacene [28] ; the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   21 calculations carried out on the structurally fully optimized non-truncated models of 7 + ( Figure S14 ). The major electronic excitations in trans-7 + and cis-7 + are listed in Table 5 . The corresponding isosurface plots of molecular orbitals involved in the major electronic excitations are displayed in Figure S15 . [40] [41] [42] [43] . The small g iso and ∆g values in this series of complexes therefore comply with the dominant participation of the diethynyl oligothienoacene bridge in the one-electron oxidation, which is fully consistent with the results of the DFT calculations (vide supra).
Conclusions
In this work, we describe successful syntheses and full characterization of five 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 , 2,5-dibromothieno[3,2-b]thiophene (4a) [23] , 2,5-dibromothieno[2,3-b]thiophene (5a) [23] , [17,23b] and [25] were prepared by the literature methods. [26] 2,5-Bis 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   25 and purity check with NMR and MS. thiophene-H), as reported in ref. [46] . C NMR spectrum could not be collected. [47] and Fourier difference techniques and refined by full-matrix least squares (SHELXL-97) [48] . All non-H atoms were refined anisotropically. The hydrogen atoms were placed in ideal positions and refined as riding atoms. The partial solvent molecules have been omitted. Further crystal data and details of the data collection are summarized in Table S1 . Selected bond distances and angles are given in Tables 1 and   S2 by adding equivalent amounts of ferrocenium hexafluorophosphate. [11a] EPR spectra was recorded on a Bruker BioSpin spectrometer, using a microwave frequency of about 9.84 GHz, 100 kHz modulation frequency, 1 G modulation amplitude, and ca 20 mW power of the microwave.
Syntheses of bis((trimethylsilyl)ethynyl)thienoacenes
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Computational Details. Density functional theory (DFT) calculations were performed using the Gaussian 09 software [49] at the B3LYP/6-31G* (Lanl2dz for the Ru atom) and BLYP35
[38] /6-31G* (Lanl2dz for the Ru atom) levels of theory.
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